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ABSTRACT
Background: The objective of this study was to evaluate the course of pregnancy and delivery of 
obstetric patients admitted for intensive care, and determine the health status of their infants.
Methods: This was a retrospective register-based study. Four university hospitals in Finland 
participated. Obstetric patients admitted to the intensive care unit in any trimester of pregnancy, 
during delivery or up to 42 days post partum were identified from clinical information systems over 
a five-year study period. Parturient and infant data were collected from the Medical Birth Register. 
Results: During the study period (2007–2011), 283 obstetric patients were identified from the 
clinical information system. The most common reason for admission was hypertensive 
complications (58%), followed by obstetric haemorrhage (25.1%). Advanced maternal age, 
nulliparity and multiple pregnancies were associated with obstetric intensive care unit admissions. 
Of patients admitted to intensive care, 68.9% delivered by unscheduled caesarean section. Nearly 
60% of neonates were born preterm, 56.1% needed treatment in a neonatal intensive care unit or an 
observation unit and 4.6% died within one week.  
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Conclusion: Advanced maternal age, nulliparity and multiple pregnancy were more common 
among intensive care unit-admitted women than in the general obstetric population. The main 
causes for admission were hypertensive complications and obstetric haemorrhage. Compared with 
the general obstetric population, neonates of intensive care unit-admitted mothers were eight times 
more likely to require treatment on a neonatal ward and their risk of neonatal death was also eight 
times greater. 
Keywords: Delivery; Labour; Obstetrics; Pregnancy complications; Risk factors 
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Introduction
Severe acute maternal morbidity, also called a ‘near miss’, is defined by the World Health 
Organization as ‘a woman who nearly died, but survived a complication that occurred during 
pregnancy, childbirth or within 42 days of termination of pregnancy’.1 The most common maternal 
morbidities leading to intensive care are cardiovascular instability related to haemorrhage and 
severe pre-eclampsia.2-4 Some complications exist before pregnancy but are worsened during 
pregnancy or childbirth and lead to intensive care unit (ICU) admission. The most common reasons 
for non-obstetric ICU admission are heart disease and infections,5-7 The incidence of obstetric 
critical care admission in resource-rich countries varies between 0.4 and1.6%.8-12
Recent studies have focused on the condition and treatment of obstetric patients during their ICU 
stay, and some have reported the characteristics and outcomes of pregnant and post-partum 
women.13 Preterm delivery and perinatal death have been reported to be more common among ICU-
admitted mothers.14-16
Finland has a comprehensive system of national registers of specific clinical conditions as a method 
to allow epidemiological studies, and a considerable amount of data are available in clinical 
information systems. A register-based study is an appropriate method to investigate infrequent 
phenomena such as complications resulting in intensive care during pregnancy or post partum. The 
objectives of our study were: 1) to evaluate the course of pregnancy and delivery in obstetric 
patients admitted to ICU; 2) to determine the health status of infants born to those women; 3) to 
compare the results with reference data on Finnish parturients and infants. 
Methods
This was a retrospective register-based study involving four university hospitals in Finland between 
January 2007 and December 2011. All women admitted to ICU in any trimester of pregnancy and 
up to 42 days post partum were identified from the hospital databases. The Ethics Committee of the 
Pirkanmaa hospital district approved the study protocol (decision number R12050H).
Patients were identified using the Acute Physiology and Chronic Health Evaluation (APACHE) III, 
which is mandatorily recorded data on all ICU-admitted patients.17 The APACHE III database was 
searched for the classification ‘other gynaecological disease’, which includes diagnoses related to 
pregnancy, delivery and the post-partum period. All women aged 18–50 years were identified. 
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Detailed causes of ICU admission were collected from each hospital’s database. Causes of obstetric 
intensive care unit admissions were re-categorised as follows; eclampsia, severe pre-eclampsia, 
other hypertensive conditions (hypertension without proteinuria, mild pre-eclampsia, undefined pre-
eclampsia), obstetric haemorrhage, miscellaneous obstetric reasons and non-obstetric causes. 
Data regarding pregnancy, childbirth and infant health were obtained from the Medical Birth 
Register (MBR) maintained by the National Institute of Health and Welfare in Finland. The MBR 
was established in 1987 and includes data on live births and on stillbirths of fetuses with a 
birthweight of at least 500 g or a gestational age of at least 22 weeks, and data on the mothers.18
The data derived from the MBR included: 1) parturient characteristics; 2) factors related to the 
current pregnancy; 3) factors related to the delivery; 4) infant characteristics. The reference data on 
Finnish parturients and infants were collected from the MBR. The data comprised all women who 
delivered during the same time period (2007–2011) and at the same university hospitals as the study 
population. The reference data included 79 340 parturients and 80 829 infants.
Descriptive statistics for obstetric patient data and reference data are presented as frequencies, 
percentages and mean values. Factorial variable comparisons between these groups were made 
using chi-square tests or Fisher exact tests, where appropriate. Continuous variable comparisons 
were made using one sample t-test. Statistical analyses were made using R version 3.3.0 (R Core 
Team (2016). R: A language and environment for statistical computing. R Foundation for Statistical 
Computing, Vienna, Austria) and IBM SPSS Statistics version 23.0. Because of the large number of 
data, statistical significance was defined as a p value of less than 0.001.
Results
In the period from January 2007, to December 2011, 328 patients were identified from the clinical 
information systems. Forty-five patients were excluded for the following reasons: gynaecological 
patients (n=37); missing MBR information (n=7); maternal death in ICU (n=1). Parturient and 
infant data were available from the MBR for 283 ICU-admitted obstetric patients. The causes of 
obstetric ICU admission are presented in Table 1.
The characteristics of parturients are shown in Table 2. The patients admitted to ICU were 
significantly older than the reference birthing population. They were more often nulliparous, and 
they were more likely to have had multiple pregnancies. Smoking status and body mass index did 
not show significant differences between the groups. 
  
5
Table 3 describes factors related to current pregnancy and delivery. Pregnancy among ICU-
admitted mothers had more often originated in fertility treatment, and during pregnancy they had 
more hypertensive complications than the reference population. Mode of delivery differed greatly 
between these obstetric patients and the reference population: among those admitted to an ICU, 
80% delivered by caesarean section (CS). Manual removal of the placenta and uterine evacuation, 
placental abruption, eclampsia and blood transfusion during delivery were more common among 
ICU-admitted mothers.
Table 4 describes infant characteristics. Gestational age at birth was lower among infants of ICU-
admitted patients, nearly 60% of women were delivered before 37 gestational weeks, and almost 
9% had extremely preterm births (<28 weeks of pregnancy). Consequently, birthweight also 
differed between the study population and the reference group. Up to 77% of those admitted for 
hypertensive complications delivered preterm at <37 weeks of pregnancy, and 11% had an 
extremely preterm delivery at <28 weeks of pregnancy, while obstetric haemorrhage was mostly 
associated with full-term birth (75%). Infants born to ICU-admitted mothers frequently needed 
treatment in a neonatal ICU (NICU) or an observation unit. At the age of seven days, half the 
infants born to ICU-admitted mothers still needed treatment on neonatal wards and 4.6% had died 
(reference value 0.61%). 
Discussion
The objective of this study was to evaluate retrospectively the course of pregnancy and delivery in 
women admitted to ICU, determine the health status of their infants, and compare the results with 
reference data for Finnish parturients and infants. Our results are in line with previous studies 
showing that the most frequent reasons for ICU admission are hypertensive diseases of pregnancy.13 
However, in the UK the most frequent cause of admission to ICU for pregnant and recently 
pregnant women is haemorrhage rather than hypertensive disease of pregnancy.19 It is possible that, 
in Finland, university hospital administrative practice may vary and that some obstetric patients 
were treated somewhere other than ICU, for example in a recovery ward after obstetric 
haemorrhage. Compared with the general obstetric intensive care unit population, the ICU-admitted 
obstetric population in our study had low birthweight infants more frequently, and their newborns 
more frequently needed treatment in NICU or an observation unit. The incidence of preterm birth 
was higher in mothers admitted for hypertensive complications and non-obstetric reasons. 
We did not collect data on the number of births in each hospital, but used statistics on live births in 
different hospital districts in Finland. Based on the freely available information on the Statistics 
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Finland website,20 during the study period there were 94 642 births in four hospital districts where 
data were collected. A total of 291 obstetric admissions were collected from the clinical information 
system, which was 0.3% of all maternities (0.02–0.5%).
The ICU-admitted mothers were older than the reference population. The association between 
advanced maternal age and poorer birth outcomes has been well described. The proportion of 
operative deliveries increases substantially with maternal age.21-23 Advanced maternal age carries a 
higher risk of birth before 34 weeks of gestation,24 severe haemorrhage,25 emergency peripartum 
hysterectomy26 and blood transfusion at delivery27. Our results showing an increased risk of ICU 
admission among older parturients are probably explained by the increased risk of these 
complications. In a study by Goisis et al., advanced maternal age increased the risk of low 
birthweight and preterm birth; nulliparous women at very advanced maternal age (≥ 45) were at risk 
of preterm delivery and CS, and the infants of these women were more likely to need treatment in 
NICU.28 The mean age of parturients has increased in recent years. According to Nordic perinatal 
statistics, the mean age of all parturients has risen in all Nordic countries: the mean age of 
nulliparous parturients in 2016 was 28.5 years, while four decades earlier the mean age had been 
23.5 years. At the same time, the proportion of parturients of advanced maternal age has increased 
considerably.29 The need for ICU treatment caused by pregnancy and delivery complications should 
not be expected to decrease in the future.
It is notable that only one mother died in ICU during the study period. Over the last decade in 
Finland, approximately three women have died annually during pregnancy or in the post-partum 
period.20 This is the lowest incidence in the world, and the most common reasons were embolism 
related to delivery or obstetric hemorrhage. 
In our study, 60% of infants were born below a gestational age of 37 weeks, more than half had a 
birthweight below 2500 g, the majority of infants needed treatment in NICU or an observation unit, 
and almost 5% died during the neonatal period. This demonstrates the challenges presented by 
obstetric ICU patients for staff: not only must the mother’s physical condition be treated, but at 
same time the condition of the newborn may be critical, and mother-child separation is often 
unavoidable. Cartin-Ceba et al. investigated non-obstetric critical illness in pregnant women: one 
third of pregnancies ended in fetal loss during ICU admission, and nearly half of all live births were 
premature16. Madan et al. assessed perinatal outcomes and found that infants born to ICU-admitted 
mothers were more likely to need NICU admission and intubation.30
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The principal strengths of our study are the description of the Finnish obstetric intensive care and 
the data on neonatal outcomes, and its nationwide, multicentre nature. The MBR provided detailed 
and systematically collected register-based information, and reference data were available for 
comparison. By using the clinical information systems and the MBR, it was possible to constitute a 
comprehensive population of intensive care unit admitted obstetric patients over a long-term period. 
The results of this study increase the understanding of the background of these mothers, and 
determining the course of their pregnancy and delivery, and infant health status. 
The study was limited by the infant data, which were available only up to the age of seven days. 
More detailed information is needed to explore infants’ long-term outcomes. The register-based 
study does not provide more accurate information on intensive care treatment or pregnancy and 
childbirth. 
In conclusion, this study found an association between ICU admissions and advanced maternal age, 
nulliparity and multiple pregnancies. The causes leading to obstetric intensive care admission were 
mainly hypertensive complications and obstetric haemorrhage. The patients’ situation is often 
complicated by the fact that the newborn may be seriously ill and often needs treatment in NICU or 
the family may experience the loss of a child. Care should focus on the whole family and their 
psychological support, not just the mother in ICU.
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Table 1. Causes of obstetric intensive care unit admission (n=283)
Causes n %
Obstetric causes
Eclampsia 13 4.6
Severe pre-eclampsia 99 35.0
Other hypertensive conditions 52 18.4
Obstetric haemorrhage 71 25.1
Miscellaneous obstetric reasons 27 9.5
Non-obstetric causes 21 7.4
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Table 2. Parturient characteristics
Characteristics Obstetric ICU patients Reference values                          P-value
n % n %
Age
< 20 y 5 1.8 1802 2.3 <0.001
20-34 y 201 71.0 64 028 80.7
≥ 35 y 77 27.2 13 510 17.0
Previous deliveries
0 179 63.3 33 091 41.7 0.001
1-2 184 29.7 37 691 47.5
≥3 20 7.1 8558 10.8
Multiple pregnancy 22 7.8 2942 3.6 <0.001
Smoking status
Non-smoking 236 83.4 65 491 82.5 0.03
Quit in early stages of 
pregnancy
7 2.5 3932 5.0
Smoking at any stage of 
pregnancy
16 5.7 7253 9.1
Missing 24 8.4 2664 3.4
Body mass index (kg/m2) 
<20 38 14.0 12 424 15.7 0.28
20-24.9 130 47.8 40 762 51.4
25-29.9 66 24.3 16 828 21.2
30-34.9 22 8.1 6228 7.9
≥35 16 5.8 3098 3.9
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ICU: intensive care unit.
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Table 3. Factors related to current pregnancy and delivery
Variable Obstetric ICU 
patients
Reference 
population
P-
value
n % n %
Diseases during pregnancy
Gestational diabetes1 24 9.8 10 012 12.5 0.11
Gestational hypertension without 
significant proteinuria2
42 18.3 3298 4.2 < 
0.001
Gestational hypertension with 
proteinuria3
98 42.6 1858 2.3 < 
0.001
Anaemia 15 5.3 2277 2.9 0.024
Other pregnancy-related factors
Previous CS 40 14.1 7835 9.9 0.022
Assisted fertility treatment 13 4.6 1480 1.9 0.002
Antenatal corticosteroids 99 35.0 3113 3.9 < 
0.001
Mode of delivery
Vaginal 54 19.1 68 099 84.3 < 
0.001
Elective CS 34 12.0 5435 6.7
Urgent CS 168 59.4 6232 7.7
Emergency CS 27 9.5 1063 1.3
Procedures related to delivery
Epidural analgesia 67 23.7 35 159 45.6 < 
0.001
Induced labour 45 15.9 13 591 17.1 0.632
Manual removal of placenta 10 3.5 742 0.9 < 
0.001
Uterus evacuation 18 6.4 583 0.7 < 
0.001
Blood transfusion during delivery 38 13.4 985 1.2 < 
0.001
Diagnosis related to delivery
Placenta praevia 2 0.7 228 0.3 0.197
Placental abruption 8 2.8 193 0.2 <0 
.001
Eclampsia 16 5.7 43 0.05 <0 
.001
Fetal asphyxia 11 3.9 2369 3.0 0.475
1ICD-10 code O24.4. 2ICD-10 code O13. 3ICD-10 code O14.
ICU: intensive care unit. CS: caesarean section.
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Table 4. Infant characteristics
Characteristics Obstetric ICU patients Reference values P-value
n % n %
Sex
Female 162 53.1 39 545 48.9 0.161
Male 143 46.9 41 281 51.1
Gestational age (weeks)
> 37 123 40.5 74148 93.5 <0.001
34+0-36+6 71 23.4 3239 4.1
28+0-33+6 83 27.3 1392 1.8
< 28 27 8.9 561 0.7
Birthweight (g) (median) 
2385 3463 <0.001
≥ 4500 g 3 1.0 2036 2.5 <0.001
4000-4499 g 20 6.6 11543 14.3
2500-3999 g 114 37.4 62641 77.5
1500-2499 g 90 29.5 3328 4.1
1000-1499 g 45 14.8 682 0.8
< 1000 g 33 10.8 599 0.7
Treatment of newborn
NICU or observation unit 171 56.1 9168 11.3 <0.001
Respiratory support 58 19.0 1536 1.9 <0.001
Location of child at age seven days
Home 114 37.5 73 698 91.4 <0.001
Postnatal ward 25 8.2 1391 1.7
Neonate ward 137 45.1 4662 5.8
Other hospital 14 4.6 367 0.5
Died 14 4.6 493 0.6
ICU: intensive care unit. NICU: neonatal intensive care unit.
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HIGHLIGHTS
 Contributing factors for obstetric intensive care unit admission in Finland
 Advanced maternal age, nulliparity and multiple pregnancy are factors
 The most common reason was a hypertensive complication of pregnancy
 The infants born to these mothers have worse short-term outcomes 
